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(54) CnOCOB W3rOTOBJlEHHfl rOOPHPO- 
BAHHOrO CTAJlbHOrO IlJlACTblPfl 
(57) CymwocTb M3o6peTeHH$*: TepMoo6pa6oT«y 
nnacTwpw toksmw bwcoko^ ^actotu ocymecr- 
en«K>T nocne ro4>pwpo83Nn«. a cm330smwm 
c/iofl HaHOCflT noaTOpHo nocne ox/i3*aghh«. 
npeA^araeMU^i cnocofc no3Bo/»neT 3a c^er no- 
Bbmienw* nnacTVjMMUx cbo&ctb Meranna na- 
AexNO o6ecneM«Tb repMeTn33UMK) 
peMOHTupyeMoro ysacrxa CKBa*w«t>i. 1 ^a6^ 



W3o6pereMvie othocwtc* k o6pa6oT»ce Me- 
Teui/ia AaenGHv<eM» a u3cthoct* ic TexHonornn 
Msr<XTOBneHn» ro<t>pMpoa8MHbix rpy5. 

Ochobmumw on«pai*n*Mvi & TexHonornMe- 
ckom npouecce HsrOTOBflenwH tohkoctchmmx 
rcxfrpwpoaaMHWx Tpy6 »B/iaeTC« xom)AHa» Ae- 
<j>opMaiAMfl, HanpnMep ao/iOMeHwe w npoxaTKa 
Tpyb. xi*M*wecicaK o5pa6cmca, tepfWHecua* 
o6pa5otica ch*tm» oct3tchmwx Hanpaxe- 
hh&, BOSHwicaioiuvix b pe3y/ibrate A^opMa- 
umm n npo4>vi/iMpOBaHMi! MeTOAOM Hatcaxicvt. 

M38ect9H cnoco6 H3roroB/ieMn* rpy5 C 
npoAonbHWMU rcxfrpaM* nyreM Aayx3TanHoro 
4>opMOBanMn Tpy6bi-3aroTOBKM. npwMBM na 
nepBOM 3T*ne ee ro<t>pwpyOT paAwanbHyMw 

yCM/lM»WM. B HB BTOPOM 3T3ne 06MVlMa»OT B 

npo<t>w/tnpooanHOM BO/toice. 

OjXMQKO B pe3y/lbTSTe 

c/tQ*HOfl AC4>opMaiAMM ocTaroHMwe nanpHMe- 
hhp He na*o*T AOcraTOMHOti nonepe*+MOft npon- 
hoctm , M*nan* CTaHOBMTCJ? x py n KMM m 



HenpMroA^H a kom6CTBg .macTbip* npu pcmoh- 

T8 06caAH0lJ% KO/IOHHM 8 CKBa*WHC 

J\n* chatw* ocTBTOMHbix Hanpw^eMw* xpy- 
6unoAaepra»oTTepMMMecKOft o6pa6oTKe -ot- 
*wry b ne^ax Twna HCO-06 w/ii/i ^0-09 w 
nonyveHMfl na Tpy6ax okwcmo* n/ienxn. bw 
nonH**otuevt 4>yHKi;wu noAM330^Horo noxpw- 
tm* m o6naAaK>me(^ AOdaTO^HOM 

nOpMCTOCTbK) W 8ACX)p6anOHMO»4 choco6ho- 
CTbK) K CMB3<e. 

HaBecreM lax^xe cnOcoG, npw kotopom 
TOHxocTewMbiB npo<t)M/ibHwe Tpy5w npaa^T 
pacTfDKdHMQM m pa3A3^eR c HgrpeBOM na anex- 
TpoTepMWMecxoM o6opyAoeaHMM. CnaMona 3a- 
roroeicy tpy6w HarpeBa*o^ roxawn 
conpOT^BnoMM^ ao reMnepatypb* OT>Kvira. a 
38TeM noc/ie oxnaxAeHvisi pa3AaK>r npvi oomo 

icoHiiMecKo^ onpasxM. 

HeAOCraroK cnoco6a 3ax/i>oMaeTCR ft tom. 
HTonpM HanojKeHviM rmacTbipA ^3 MOOToxo^en- 
hwx Toy6 *o#eT opowckoawth paspue no 
npo<>w/ibHO^ uOpaayKMMmV 5 npw Hano^eHwn 
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nnacrupfl n3 OTo*wennbix ipy6 c nocneayKr 
iumm ro4>pwpoeaMMeMMO*cT npouc*OA"** 06- 

pa3oeaHne.M^KpoTpemMH bo enaAHMax w na 

BwCTynax npoAOnbHwx ro<J>p npn AC<t>0pM3unn 
wx ao uwnwiwflpMHecKOM <t>opMu. xorAa ee nnov 
ho npn>KMMa»OT (HaKaTb»8aK)T) aopHupy»omea 
ronOBXoti k DMyTpeMHe^ noBepxHOCtn o6ca#- 
hoA xo/iOHMW. B pe3y/itTare ><e o6ecnem*Ba- 
erc* Hane^HOdb repMeTW3auwu w3-aa 
HM3K0M n/iscTMMHOCTvi Mexa/ina ro^pupoeaH* 
HOro nnacTwpa. 

Uenbio n306peT6HH« HanaeTCfl noauuje- 
Hue H3Ae«<«ocTM repMeTvi33unii o6cax<eHMart 
ckb3xmh w ■ nyTeM noftbiujeHM« nnacTHMHOCTw 
MeTanna nnactbipa. 

CyiUHOCTb M306peTGHUfl 33KflK)MaeTCJ» B 
TOM, MTO TepM006pa60TKY T0K3MH BMCOKCM M3- 

ctotw ocyweCTB/i«K)T nocne ro(t>pnpooaHna, a 
.3aTeM noBTopHO h3H0cht CMa30MHbi* cno*. 

B pe3ynbtaTe 3HaxonepeMeHHbix Ae4>op- 
MauuA, KoyopwM noAaepraeicfl Mexanna ipy6 
npw ro^pupoeanwu kax b npoqecce w3fOTOB- 
zieHvtfl nnacYbipew. Tax u npw pa3A*^e e npo- 
necce ycraMOBKvi b cxBaxuHax. npoucxoAwT 
3HaMMTenbHOe ynpOHHenne Meta/ina, npu^eM 
Haw6o/ibiune 3HaMenwn ynpOHHeHU* npwxoA- 
RTCfl M3 BfiaAHHW ro<{)pMpOBaHH wx Tpy6. 

l43MeHeMne raepAOc™ (Hv) cram MapxH 
10 npw TepMOo6pa6oTKe. ro<t>pwpoeaHMn vi 
paaAa^ rinacTbipa noxa33Ho b TaSnwue. 

l/\3 Ta6iinuw 8WAH0. MTOTeepAOCTb MeTan- 
/ia nnactbipa nocne pa3M3MH b o6caAHOft Tpy- 
6e AOCTuraeT Haw6onuuiux 3naMeHM&. ecnw 
n/iacTbipb waroTaenvteanca w3 HeTepMOo6pa- 
6oTaHHOt\Tpy6bi, rtpu waroToaneHHW nnaciw 
peft H3 npeABapurenbHO TepMoo6pa6oiaMHbix 
Kpyrnbix rpyO npu ro<t>pvipoBaHwn reepAOCTb 
MecxofibKo cHn*aeTc* no cpaBHeHuK) c HeTep- 
MOo6pa6oTaHHbiM^ 3ar0TO8xaMiv ho nocne 
pa3A3Mw reepAOCTb B03pacTaer mmw AO to* 
xe Ben^MMHw. myo h 6e3 TepMOo6pa6oTKw. no- 
cne TepMunecKOfl o6pa6oTicn ro<t>pwpoBaHnwx 
ipy6 c KarpeBOM TOKaww eucoxoii mbctotw 
TaepAQCTb mx cHUJKaerCH snaMHTe/ibHO, a no- 
cne pa3AuHw oHa Mewbiue. m8m y HexepMoo6- 
pa6otaHHbix. 

B oTnimne ot neMHoro unci ra300oro na- 
rpeaa npu o6pa6oTKe 3aroToexn ToxaMW bwco- 
xoA Maciorw npovicxoA^T HesnaMwTenbHoe 
M3MeHe«v<e <$>opmw ee npo<}>vi/i«. Ha noBepxno- 
crvt ipy6u o6pa3yeTc« tohkh* cno« oxanwMbi, 
KOTOpwH He oTcnaneaeTcn b npouecce Ae<t>op- 

MSUWM ~ D33A8 4M * Clwia30MHWW CHOW H3HOCV1T-* 

CP H3 BHyrpeHHiOK) nOBepxnOCTb 

OTO^K)K6HHblX HPOAOH bHO-rO<ppV*pOB3HHblX 

Tpy6 nocne uxoxnaxftSHMs. Oh npeAOxp3H«eT 

BHyTpeHHKDK) nOBepXMOCTb OT KOpp03HOHHOf O 

pa3pyujeHM» b nponecce axcnnyaiauviui m cmvi- 
»ennn occowx ycwnv^M b npouficce pa3Aaw 
nnacTwpei^. 



n p m m c p pCMOwTa oGcaAHOH ko- 
noH«b« flvifiMCTpoM 1 46 mm c ToniuwiHOM CTeHiiw 
8 mm nnacrwpb naroraannfiaJOT M3 tohkoctch - 
hom Tpy6w nuaMerpOM 130 mm c roniuwHoA 
5 ctbhkvi 3 mm m3 ctanw Map^n 10. AnwHa rpySw 
9-11.5 m. 

Ha BHyTpeHHio»o noaepxHocTb Tpy6w Ha- 
hocpt cnoti rpa<t>nTOBOn unvi Apy r ow CMa3Kw. 
npeAH33HaHCHH0rt A«« chudkchmw ycHrtnw ro<p- 
10 pupoB3Hnfl. ro^pwpOBaHMe unnnnAP^ecxoM 
TpyGM npon3BOA*T na cneuvianbHoii ycTanOB- 
xe nepe3 ponnxOByio ronoaKy c BnyTpeHHe^ 
npo<J>wnbHoPi onpaaxo^. nonyMaerc* npOAonb- 
HO-ro4>pvipOBaHHa» rpy6a c Hapy*HwM A^a- 
15 MeipOM 1 16 mm u MucnoM rocpp 6 v.m*8. 3aieM 
PP0V13B0AMTC« pnxtoBKa ro<{)pnpoBaHH0vi rpy- 
6w nocne OTpeaxn ee na 3aAa>iMyK) An^ny. 

3areM npon3BOA^TCR TepMWMecxa* o6pa- 
6oT*:a npOAonbHo-ro<t>pwpooaHHow rpy6w - 
20 HGpManv^auMfl c narpeBOM tok.3mw bwcokoC^ 
MacTOTbi Ha ycianOBxe 8HT 30/6. Hpvi stom 
npoAonbHO-ro^pvipoeaHHan rpyGa ycTanaa- 
nn88eTC« ropvi30HianbHO H3 ponnKOBbtx ono- 

pax \a c onpeAeneHHOrt cxopocrbK) 
25 npoAB^ifaeTcfl ^epes i/iHAyxiop. 

Oxna>KAeHMe Tpy6b» npon3BOAWTc« na 
B03AYxe. CM33KS. kOTopaw 6bina nanecena ne- 
peA ro^pwpoBaHneM. swropaeT. 

Tax xax b cxoa>KMHe npn ycTaHoaxe nna- 
30 CTbipfl b wHTepBane peMOHia npon3eOA^TCP 
pa3Aa^a nnacrupfl ao Kpyrno* <|>opMbf m npw- 
^atvifl k cieHxe o6caAnow TpyGw. to npw stom 
B03Hhk3i0T 6oyibiune KOHTaxTHbie Harpy3*n 
Me>KAy nnacTwpeM m whctpym€Htom An« pas- 
OS A3MH, ^n^ CHUxenu* 3THX H3rpy30K na aHyr- 
peHHtoO nosepxHoexb nnacTwpn h3Hocmtc» 

BTOptmHO CMa30MHbl* Cf\0\A, KOTOpWVl cny)KWT 

Kax An« chM>KeHwn ycunnCi, B03HMKatoiunx npw 
pa3A3^e nn3CTup«, Tax m Ann npeAOxpaneH** 
40 3toC\ noeepxHocTM ot xoppoawoHHoro pa3py- 
ujeHU^ b npouecce 3KcnnyaT3u*n. 

CoMeTaH^e TepMWMecxoii o6pa6oTKVi nna- 
cTwpew nocne ro4>pnposaHMfl 11 MawftceHwe 

CM330MH0r0 C/lOfl na BHyTpeHHtOK) noBewX- 

45 MOCTb nocne TepMMMecxo^ o6pa6oTxw noaso- 
nflK)T noewcuTb nnacTMsnocn MeTanna 
nnacTwp o6ecneMnib GnaroAap« 3T0My na- 
AetfHocT* repMeTM3auutw peMOHTupyeMO^i 

' CKB3>KV4Hbi. 

50 

ct> opMyna M3o6peTeHvt» 



Cnoco6 w3fOTOBneHMA ro^pwpoeaHHoro 
danbHoro nnacTwprt. npewMymecToeHHO an» 
55 peMOHTa o6ca>KeHHo^ cxsax^Hbi. BKnKH3K>- 
mnw TepMOo6pa6oTKy sarOToaxw. homgccmug 
CMaaOHHOro cno^ na BHyipeHHK)*o nOBCpxHocib 
saroTOBKH m ee ro^p^pOBDHwe. 0 t n w h a k> m m 
c a TeM. »rro. c uenbK> noeb4ujriMH» HaAexcnocTw 
repMcrrn3auwn o6cn>xeHHOfi ckb.ixuhw n>Tew no 
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BbiuieHVtfl nnacrnHMOCTii Mera/ina nnacTwp*. 
TepMOo6pft6oTxy roicaMM dlicokoA Macrorw 



ocyiMeCT©/i«K>T noc/ie ro<J>pMpoeaHH3. a aaiew 

nOBTOpHO H8MOC»T CM830^r.bl^ C/TOft. 







BWfl O6O86OTKM 




Hue MaTcpnana 


AO rD4>pMpOB9HHfl 


nocnero^pwpo | 


TepMOo6pa6otKa 
noc/te ro4>pnpoaa: 
mmp (MopMann3a- 
H*a) c HarpeaoM 

TOK3MU BWCO- 

kom nacTOTbi^ 


rioc/ie paaA^^^ 


Bea TepMOo6pa- 
6otkw 


1570 


1750 




2020 


C repMoofipaSoT- 

•CO* 


1350 


1660 




1966 


■ 

Bea TepMog6pe- 
60TKM 


1570 


1750 


1350 


1750 



PeAaKTpp H.rynbico 



CocTaewre/ib M.PoroxcwHa 

TexpeA M.MopreHTan Koppeicrop U.Myc*3 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 



[vertically along right margin] 

(i9)SU (inl749267 Al 



1 749267 
1 



The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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